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OVERVIEW 

Turn  to  pages  74  and  75  of  your  textbook,  Science  Directions  7.  The  information 
and  photographs  on  these  pages  introduces  you  to  some  of  the  things  you  will 
study  in  this  module. 

In  Module  2 you  will  observe  design  in  a variety  of  natural  and  human-built 
structures.  You  will  determine  what  general  patterns  are  present  in  the  designs. 
You  will  look  at  the  functions  of  the  overall  structures,  along  with  the  functions 
of  individual  components. 

In  this  module  you  will  also  have  the  opportunity  to  build  some  structures  on 
your  own.  By  planning  and  building  your  structures,  you  will  learn  how  to  work 
with  real  problems  using  a problem-solving  method. 
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Evaluation 

:i 

i|  Your  mark  in  this  module  will  be  determined  by  your  work  in  the  Assignment 
Booklet.  You  must  complete  all  assignments.  In  this  module  you  are  expected  to 
i complete  five  section  assignments. 


The  assignment  breakdown  is  as  follows: 


Section  1 Assignment 

17% 

Section  2 Assignment 

14% 

Section  3 Assignment 

22% 

Section  4 Assignment 

21% 

Section  5 Assignment 

26% 

TOTAL 

100% 

il 
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A Problem 


Have  you  ever  wondered  why  some  bridges  remain  intact  carrying  very  heavy 
loads?  What  about  a bridge  that  collapses  shortly  after  it  was  built?  Why  did  the 
roof  over  a brand-new  shopping  centre  collapse  while  other  roofs  did  not?  In 
Vancouver  there  is  a building  that  the  designers  claim  is  earthquake-proof.  Many 
other  two-story  buildings  would  collapse  under  such  a stress. 

Technology  helps  people  solve  practical  problems.  For  example,  when  the 
railways  were  being  built  across  Canada  in  the  1870s,  the  tracks  had  to  cross 
large  coulees,  ravines,  and  rivers.  The  technological  problem  was  to  design 
structures  that  would  accomplish  this  goal  with  the  best  balance  of  cost,  strength, 
and  durability.  The  result  was  a series  of  bridges  that  provided  many  years  of 
service. 

In  this  section  you  will  design  a prototype  bridge  to  cross  a river  and  allow  a 
boat  to  pass  under  the  bridge.  Your  task  will  be  real.  You  will  be  solving  a 
technological  problem ! 
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Structure:  a combination  of 
related  parts 

Design:  the  shape  of  the  parts  of 
a structure,  and  the  way  they  are 
put  together 


Specifications:  the  rules  or 
written  instructions  that  define 
the  requirements  for  a plan  or 
prototype 


Prototype:  a model  structure 
used  to  test  a design 


Activity  1 : Building  a Bridge 

The  best  way  to  start  a study  of  structure  and  design  is  to  build  something.  In 
this  activity  you  will  build  a model  bridge  to  cross  a river.  Your  bridge  will  need 
to  be  wide  enough  for  a river  to  pass  below  and  high  enough  to  permit  a boat  to 
pass  beneath  without  bumping  into  the  bridge. 

But  wait!  Before  you  attempt  to  solve  any  problem,  you  need  to  make  sure  that 
you  understand  the  problem.  You  need  to  know  the  purpose  of  the  construction 
as  well  as  the  specifications  (specific  requirements)  of  the  structure.  You  need 
to  do  some  planning  before  you  begin  to  work  on  designing  and  building  a 
structure  that  will  solve  the  problem. 

Are  you  worried  about  where  you  will  find  the  materials  to  build  the  bridge  and 
how  you  will  lift  them  into  place?  Does  this  all  sound  a bit  difficult?  Don’t 
worry.  For  this  task  you  will  not  have  to  build  a full-size  bridge.  Instead,  you 
will  be  building  a prototype. 

You  may  not  be  familiar  with  the  word  prototype.  To  test  a new  idea  for 
building  a structure,  a model  is  built.  The  model  will  show  what  the  finished 
structure  will  look  like,  and  it  can  be  tested  before  erecting  the  fuU-size  structure. 
This  kind  of  model  is  called  a prototype.  In  this  activity  you  will  not  be  required 
to  build  a full-sized  bridge,  just  a model  or  prototype.  This  wiU  give  you  an 
opportunity  to  create  your  very  own  design  without  having  to  spend  a great  deal 
of  time  and  money  on  it. 

Problem 

Now  you  are  ready  for  the  problem.  As  indicated  earlier,  you  are  to  build  a 
prototype  of  a bridge  that  will  cross  a river,  and  the  bridge  will  need  to  be  high 
enough  for  boats  to  pass  underneath.  It  will  also  need  to  be  strong  enough  to 
carry  a load. 

Materials  You  Need 


Note:  See  your  learning  facilitator  to  help  you  obtain  the  materials  you  need. 

• nine  index  cards  (3  blue,  3 yellow,  and  3 red),  or  thin  cardboard  sheets 

• a block  labelled  model  boat,  or  a toy  boat 

• two  other  blocks  of  wood  (these  are  to  represent  the  banks  of  the  river) 

• eight  test  bags  (Each  bag  contains  100  g of  sand  or  other  substance.) 

• tape 
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Specifications 

Following  are  some  specific  directions  or  specifications  for  your  bridge.  The 
specifications  will  tell  you  more  exactly  what  it  is  that  your  bridge  must  be  able 
to  do.  A good  bridge  will  meet  all  of  these  specifications. 

• The  bridge  must  be  constructed  of  three  or  fewer  index  cards  and  fewer 
than  30  cm  of  tape.  No  other  materials  may  be  used. 

• The  bridge  must  be  all  one  colour. 

• The  bridge  must  span  a gap  of  10  cm. 

• The  bridge  cannot  be  closer  than  8 cm  to  the  water. 

• The  boat  must  be  able  to  pass  underneath  while  the  bridge  is  supporting 
four  test  bags. 

• The  bridge  should  not  deflect  (bend)  more  than  0.5  cm  while  supporting 
four  test  bags. 
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Steps  to  Follow 

Step  1:  Keep  accurate  records/notes  of  everything  that  you  do.  Attempts  that  fail 
are  as  important  as  attempts  that  succeed.  In  the  following  space  you 
will  see  an  area  for  making  rough  notes.  To  help  you  with  your  notes, 
you  will  be  asked  some  questions.  These  questions  will  guide  you  in 
your  work  and  will  help  you  to  think  about  what  you  are  doing.  Your 
answers  to  the  questions  will  also  be  useful  when  you  get  to  the 
assignment  for  this  section.  As  you  think  about  the  questions,  jot  down 
the  ideas  that  come  to  mind. 

Step  2:  Construct  your  prototype. 

Step  3:  Draw  a diagram  of  your  final  product. 

Step  4:  Show  your  prototype  to  your  learning  facilitator. 

Notes 

1 . Once  you  understand  the  problem,  you  should  consider  several  alternatives. 
What  approaches  to  the  problem  can  you  think  of?  Make  some  rough 
sketches  in  the  following  space. 
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2.  How  did  you  finally  decide  which  design  to  take  to  the  testing  stage? 

• Some  alternatives  are  not  practical  because  of  factors  such  as  cost,  time 
involved,  and  materials  needed. 

• If  you  are  considering  several  alternatives,  review  the  specifications  to 
see  if  one  alternative  is  better  than  the  others. 


3.  Where  did  you  get  your  ideas? 

• Has  someone  already  solved  this  problem  or  a similar  problem?  How 
did  they  do  it? 

• Can  you  think  of  a new,  creative  solution? 

• Can  you  put  several  ideas  together  in  a new  way? 
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4.  Did  you  make  improvements,  even  after  you  tested  your  bridge,  to  make  sure 
it  was  big  enough  and  strong  enough?  What  changes  did  you  make? 
Describe  or  draw  the  changes. 

• Making  adjustments  while  building  a prototype  is  called 
troubleshooting.  This  allows  you  to  deal  with  any  minor  difficulties 
that  you  did  not  anticipate. 


li 


!! 


II 


i 

!i 

ii 


5.  How  did  you  decide  you  were  finished? 

• Compare  your  prototype  with  the  purpose  and  the  specifications  of  the 
problem. 

• At  some  point  you  decided  you  were  satisfied  with  your  solution. 
What  helped  you  make  this  decision? 


I 

s 


!i 
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6.  Were  you  satisfied  to  meet  the  minimum  requirements,  or  did  you  try  to 
make  the  strongest  structure  possible? 


7.  Draw  a detailed  diagram  of  your  prototype.  Record  how  it  behaved  in  the 
test  conditions. 


Discuss  your  answers  with  your  learning  facilitator. 
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Conclusion 

You  built  a prototype  bridge  according  to  a set  of  specifications.  You  used  your 
own  creativity  to  design  your  bridge,  using  available  materials.  You  kept  track 
of  how  you  solved  the  problem.  If  your  bridge  met  the  specifications,  it  is  a 
successful  structure. 

You  now  have  some  experience  in  practical  problem  solving.  In  the  next  section 
you  will  be  given  more  opportunities  to  solve  practical  problems. 

I! 


i 

ASSIGNMENT  

Assignment 

Booklet 

i 

i 

s- 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  1. 
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Have  you  ever  noticed  regular,  repeating  patterns  in  nature?  Imagine  a 
snowflake  or  a honeycomb.  Humans  often  copy  designs  from  nature,  sometimes 
without  even  realizing  it.  The  airplane  is  one  example.  The  wings  on  an  airplane 
have  a very  similar  design  to  the  wings  of  a bird. 

Design  has  to  do  with  the  way  that  things  are  put  together.  Usually  when  you 
look  closely  at  things,  you  notice  a pattern  or  design  to  them.  AH  human-made 
structures  are  based  on  some  form  of  design.  Proper  design  of  structures  requires 
planning. 

When  you  want  to  build  something  that  will  last,  you  need  to  think  carefully 
about  design.  If  you  are  building  a piece  of  furniture  you  would  probably  want  it 
to  be  pleasant  to  look  at.  More  important,  you  would  want  it  to  be  useful  or 
functional.  A chair  would  not  be  a good  chair  if  it  broke  after  being  used  only  a 
few  times.  Good  design  involves  knowing  how  something  will  be  used  and 
making  sure  that  it  will  do  the  job. 

It  is  even  more  important  that  large  structures  such  as  houses  or  bridges  be  built 
with  careful  design.  Buildings  that  are  lived  in  and  other  large  structures  must  be 
safe  for  all  who  use  them. 

In  this  section  you  will  compare  designs  of  structures  in  the  natural  world  and  in 
the  manufactured  world.  It  is  necessary  to  consider  different  design  possibilities 
to  build  structures  that  are  useful. 
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Natural:  formed  in  nature 
Manufactured:  made  by  people 
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Activity  1 : Comparing  Structures 

Design  can  be  observed  in  both  natural  and  manufactured  structures.  Read 
page  76  of  Science  Directions  7,  and  examine  the  photographs  of  the  bird  and  the 
hand  glider.  Look  at  the  similarities  in  design  in  these  structures. 

1 . Examine  the  photographs  of  natural  and  manufactured  objects  on  pages  78 
and  79  of  Science  Directions  7.  Then  complete  the  following  table  using  the 
instructions  that  are  given.  Note  that  an  example  has  been  done  for  you. 

a.  In  the  first  column,  list  all  the  natural  structures  in  the  photographs. 

b.  Match  up  each  natural  structure  with  a manufactured  structure  that  has  a 
similar  design.  List  the  matching  manufactured  structures  in  the  second 
column. 


c.  In  the  third  column,  describe  what  part  or  parts  each  pair  of  structures 
have  in  common. 


Natural  Structure 

Manufactured 
Structure  (made 
by  people) 

Design  in  Common 

plant  seed  with 
extended  fine  hairs 

parachute 

both  have  parts  that  are 
designed  to  catch  the 
wind 
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2.  What  is  meant  by  the  term  manufacturecn 


3.  a.  Do  you  think  that  the  designer  of  these  manufactured  structures  copied 
natural  structures? 


b.  Explain  why  or  why  not. 


Discuss  your  answers  with  your  learning  facilitator. 
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Activity  2:  Looking  at  Design 

When  planning  and  designing  a structure,  you  should  identify  several 
alternatives.  You  may  need  to  consider  different  shapes  for  your  design.  This 
may  require  that  you  spend  time  sketching  new  ways  to  put  things  together. 

Read  page  77  of  Science  Directions  7 to  find  out  how  some  designs  consist  of 
basic  shapes  repeated  over  and  over.  You  might  be  surprised  to  find  that  one  or 
just  a few  repeating  shapes  can  be  put  together  in  many  different  ways. 

A tangram  is  a type  of  ancient  Chinese  puzzle.  The  aim  is  to  make  different 
structures  by  using  only  seven  tangram  pieces.  An  expert  at  the  game  can  design 
hundreds  of  different  structures  showing  animals,  people,  machines,  buildings, 
and  many  other  things.  Working  with  this  puzzle  will  help  you  understand  the 
difference  between  design  and  structure. 


Science  7 


Module  2 - Section  2 


14 


7_ 

Science 

Directions 


7_ 

Science 

Directions 


1 . Turn  to  page  80  of  Science  Directions  7.  Do  numbers  1 , 2,  and  3 as  outlined 
under  Activity  2-2.  After  cutting  out  the  tangram  pieces,  see  if  you  can 
reassemble  all  your  seven  pieces  of  paper  to  make  a duck,  a sailboat,  a 
kangaroo,  and  a watering  can  as  shown. 

2.  Design  two  structures  of  your  own,  one  that  represents  a manufactured  object 
and  one  that  is  something  from  nature.  Draw  the  outline  of  each  structure  in 
the  following  space. 


Manufactured  Structure 

Natural  Structure 

Discuss  your  answers  with  your  learning  facilitator. 


Activity  3:  Function  of  Structures 

You  have  seen  that  the  repeated  use  of  a few  basic  shapes  can  produce  many 
different  structures.  But  most  structures  are  not  designed  in  this  way.  Instead, 
they  are  made  up  of  parts  that  look  very  different  from  one  another. 

Examine  the  bicycle  shown  on  page  81  of  Science  Directions  7.  Notice  that  the 
bicycle  is  made  up  of  several  major  parts,  such  as  the  frame,  the  handlebars,  the 
saddle,  and  the  wheels.  These  major  parts  themselves  are  made  up  of  smaller 
parts  - the  wheel  consists  of  the  rim,  the  spokes,  the  axle,  the  inner  tube,  and  the 
tire. 
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Understanding  designs  can  help  you  to  see  the  world  in  a different  way.  You  can 
look  at  any  structure  - natural  or  manufactured  - and  imagine  how  to  take  it  apart 
and  put  it  back  together  again.  You  can  also  begin  to  see  how  one  structure,  or  a 
part  of  it,  may  be  similar  to  another  structure  or  part.  For  example,  look  at  the 
illustration  shown  on  page  83  of  Science  Directions  7.  You  see  ropes,  wheels, 
wings,  and  other  structures  used  in  many  different  ways.  Identify  as  many  as  you 
can.  Recognizing  such  similarities  and  differences  can  be  useful  in  designing  the 
many  devices  and  buildings  you  use  each  day. 

Now  turn  to  page  90  of  Science  Directions  7,  and  read  the  information  under 
Classifying  Functions.  Pay  attention  to  the  examples  given  that  show  how 
structures  of  different  design  can  be  used  for  the  same  function. 

You  will  now  look  at  some  other  functions. 

1 . The  first  column  of  the  following  chart  lists  common  functions  of 

manufactured  structures.  Complete  the  chart  by  writing  the  name  of  two 
manufactured  structures  for  each  function.  The  first  one  has  been  completed 
for  you. 


Function 

Structure  1 

Structure  2 

communicating 

pen 

telephone 

supporting 

containing 

lifting 

fastening 

sheltering 

transporting 

separating 

breaking 

Discuss  your  answers  with  your  learning  facilitator. 
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Follow-up  Activities 


If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is 
recommended  that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of 
the  concepts,  it  is  recommended  that  you  do  the  Enrichment. 


Extra  Help 

The  design  of  a structure  is  easier  to  describe  if  you  look  at  its  different  parts. 
Look  at  the  chair  shown  on  page  82  of  Science  Directions  7.  A chair  can  be 
regarded  as  a structure  made  of  three  parts.  The  shape  and  number  of  each  part  is 
described  in  Table  2. 

1.  a.  Choose  three  structures  that  you  can  examine.  You  could  choose  a desk, 
a skateboard,  or  a framed  picture,  but  do  not  choose  something  too 
complex.  State  the  names  of  these  structures  in  the  first  column  in  the 
following  chart. 

b.  Complete  the  other  columns  in  the  chart  for  each  structure. 


Structure 

Part(s) 

Shape 

Quantity 
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2.  Which  shapes  were  most  common? 


3.  Which  shapes  were  least  common? 


I 4.  Name  any  of  the  major  parts  that  could  be  further  divided  into  smaller  parts. 


5.  Describe  how  you  could  change  the  design  of  one  of  the  structures  so  that  it 
could  still  be  used  for  the  same  purpose,  but  for  a user  that  has  special  needs. 


I 


Share  your  answers  with  your  learning  facilitator. 


Enrichment 


r 


Do  either  Part  A or  Part  B. 


Part  A involves  a field  trip. 
Part  B involves  book  research. 
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Part  A:  Field  Trip 
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Visit  the  site  of  three  local  bridges  and  complete  the  following  questions. 
1 . Sketch  the  bridges  or  take  snapshots  of  them. 

Sketch  or  Photograph  of  Bridge  1 
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Sketch  or  Photograph  of  Bridge  3 


2.  Describe  the  function  of  each  bridge.  (How  is  the  bridge  used?  Why  is  it 
needed?) 

Bridge  1 

Bridge  2 


Bridge  3 


3.  What  differences  did  you  notice  in  the  design  of  these  three  bridges? 
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4.  What  was  similar  about  the  design  of  the  three  bridges? 


5.  Describe  one  way  in  which  you  might  be  able  to  improve  your  prototype 
bridge  after  looking  at  these  three  bridges. 


C 


Discuss  your  answers  with  your  learning  facilitator. 


Part  B:  Research 

If  you  are  not  able  to  visit  three  local  bridges,  look  through  magazines  or  books 
to  find  three  examples  of  real  bridges.  Then  answer  all  the  questions  in  Part  A. 


Discuss  your  answers  with  your  learning  facilitator. 
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Assignment 

Booklet 


Conclusion 

The  first  step  in  solving  a technological  problem  is  to  understand  the  problem. 
This  involves 

i • identifying  the  purpose 

I ^ identifying  the  specific  requirements  (specifications) 

I 

I The  next  step  is  to  develop  a plan.  This  involves 

Ij  • identifying  alternatives 

Ij  • planning  and  designing 

\ 

There  are  many  similarities  of  design  in  the  natural  world  and  in  the 
manufactured  world.  On  the  other  hand,  structures  for  the  same  purpose  may 
have  very  different  designs. 


^ ASSIGNMENT  ■ ■ 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  2. 

> — ^ 
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Science  Can  Help 


In  this  section  you  will  discover  how  science  can  help  you  solve  technological 
problems.  You  will  see  that  technological  problems  often  involve  using 
scientific  knowledge.  You  will  use  science  inquiry  to  develop  some  scientific 
knowledge  about  the  strength  of  materials,  tension  and  compression,  and  the 
effect  of  shape  on  strength. 


Science  7 - Module  2 


Module  2 - Section  3 


24 


Materials:  substances  such  as 
paper,  wood,  or  aluminum,  from 
which  something  is  made 

Properties:  characteristics  of  a 
material 


1_ 

Science 

Directions 


Stress:  a force  acting  on  a 
structure 


1_ 
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Directions 


Beam:  a horizontal  part  of  a 
structure  that  is  supported  at 
both  ends 

Load:  the  force  acting  on  a 
structure,  caused  by  what  the 
structure  is  supporting 


Activity  1 : Comparing  Materials 

It  is  not  enough  for  a structure  to  have  a good  design.  For  a structure  to  carry  out 
ii  its  functions  properly,  it  must  also  be  made  of  suitable  materials.  Before  you 
I choose  the  best  materials  for  a particular  structure,  you  have  to  consider  the 
properties  of  those  materials.  Structural  properties  include  such  things  as 
j strength,  stretchability  (elasticity),  and  hardness.  Most  structures  are  made  of 
I several  materials,  each  of  which  has  different  properties. 

I 

j See  page  93  of  Science  Directions  7 for  examples  and  more  information  on  this 
Ij  topic. 

ii 

The  strength  of  a material  must  be  suited  to  the  structure  in  which  it  is  used. 

||  Some  parts  of  a structure  are  often  under  stress.  For  example,  your  shoelaces  are 
||  under  stress  when  you  tie  them  and  all  the  time  you  are  wearing  your  shoes.  It  is 
I important  that  your  shoelaces  be  made  of  a strong  material,  a material  that  will 

j not  break  when  pulled.  An  example  of  a structure  showing  a different  kind  of 

!|  stress  is  bookshelves.  Bookshelves  are  under  stress  when  books  are  placed  on 
Ii  them.  The  shelves  must  be  made  of  a material  that  is  strong  enough  to  push  up 
ii  with  enough  force  to  support  the  books  that  are  on  them. 

i Read  the  information  given  on  page  95  of  Science  Directions  7 for  more  insight 
||  into  strength  of  materials. 

A shelf  is  an  example  of  a beam.  Because  of  the  stress  of  the  load  it  supports, 

I;  the  beam  tends  to  bend  downwards. 

I Beams  must  be  strong  enough  to  withstand  all  the  stresses  that  are  placed  on  a 

II  structure  during  normal  use.  The  downward  force  acting  on  a beam  comes  from 

I the  weight  of  the  beam  and  the  objects  it  is  supporting  (the  load). 

[i  Some  materials  are  stronger  than  others.  You  can  compare  the  strength  of 
different  materials  by  looking  at  the  way  they  respond  to  a load.  Do  you  recall 
|i  from  your  textbook  reading  the  simple  test  that  showed  how  a block  of  wood  can 
support  a greater  load  than  a marshmallow  of  the  same  size? 

Tests  of  the  strength  of  materials  are  carried  out  in  science  laboratories.  The 

II  results  of  these  tests  are  given  in  reference  books  and  can  be  looked  up  by 

il  engineers  and  designers.  Next  you  will  have  the  opportunity  to  gather  your  own 
? information  and  compare  the  strength  of  materials  necessary  to  resist  bending. 

You  will  be  able  to  use  this  information  later  to  solve  a practical  problem  in 
: Section  4. 
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I Testing  the  Strength  of  Materials 

You  will  now  investigate  the  relationship  between  the  type  of  material  and  its 
strength.  You  will  compare  the  strength  of  beams  made  of  spaghetti,  wood,  and 
plastic.  Although  the  answer  may  seem  obvious,  by  using  this  scientific 
investigation  you  will  have  observations  to  support  your  conclusions. 

Materials  You  Need 

• dried  spaghetti  • ruler 

I • plastic  straw  • safety  glasses 

• thin  wooden  dowel  • two  blocks  of  wood 

• force  meter 


Caution 

Wear  your  safety  glasses  during  this  experiment.  Even  a small  piece  of  dried 
spaghetti  could  cause  injury  to  your  eyes. 

Steps  to  Follow 

Step  1:  To  create  a beam,  suspend  the  material  you  are  testing  between  two 
blocks  which  are  20  cm  apart. 


20  cm 1 


Step  2:  Use  the  force  meter  to  pull  down  on  the  centre  of  the  beam  with  a force 
of  0.5  N. 
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Deflection:  the  amount  of 
bending  that  occurs  when  a load 
is  placed  on  a structure 


Step  3:  Observe  how  much  the  beam  bends.  The  amount  of  bending  is  called  the 
deflection.  Observe  and  record  the  amount  of  deflection.  The  following 
diagram  will  help  show  you  what  to  look  for  and  what  to  measure.  To 
measure  the  deflection,  it  is  helpful  to  have  a ruler  and  another  straight 
edge.  Lay  the  straight  edge  across  the  supports  by  the  beam.  The  spread 
between  the  straight  edge  and  the  lowest  point  of  the  beam  is  the 
deflection.  Use  a ruler  to  measure  this  distance  in  centimetres. 


Step  4:  Repeat  steps  2 and  3,  increasing  the  downward  force  by  0.5  N for  each 
test,  until  the  beam  breaks.  Observe  and  record  your  measurements. 

Spaghetti  Test 


ii 

! 

n 


Use  one  strand  of  spaghetti  as  your  beam.  Follow  steps  1-4  to  test  the 
strength  of  a spaghetti  beam.  Complete  the  following  chart. 


Observation  Chart  for  Spaghetti 


Force  (N) 

Deflection  (cm) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 
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2.  What  was  the  maximum  deflection  just  before  the  beam  broke?  

3.  What  force  was  required  to  cause  the  beam  to  break?  

Wood  Dowel  Test 

4.  Repeat  the  experiment  using  a wood  dowel  as  your  beam.  Complete  the 
following  chart. 

Observation  Chart  for  Wood  Dowel 


Force  (N) 

Deflection  (cm) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.  What  was  the  maximum  deflection  just  before  the  beam  broke?  

6.  What  force  was  required  to  cause  the  beam  to  break?  

Plastic  Straw  Test 

7.  Repeat  the  experiment  using  the  plastic  straw  as  your  beam.  The  plastic 
straw  will  not  break  like  the  spaghetti  and  the  wood  dowel  did.  When  the 
straw  bends  and  no  longer  supports  the  increased  downward  force,  consider 
it  to  be  broken.  Complete  the  following  chart. 
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Observation  Chart  for  Plastic  Straw 


Force  (N) 

Deflection  (cm) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

8.  What  was  the  maximum  deflection  just  before  the  beam  broke? 

9.  What  force  was  required  to  cause  the  beam  to  break?  

Interpretations 


10.  Rank  the  materials  in  order  of  which  required  the  most  force  to  break,  to 
which  required  the  least  force  to  break. 


(strongest) 


(weakest) 


j 11.  a.  Did  using  a force  meter  help  you  determine  how  much  stronger  one 
material  was  than  the  others? 
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b.  Explain. 


I 


Discuss  your  answers  with  your  learning  facilitator. 


Activity  2:  Stronger  Shapes 

You  now  have  some  experience  with  comparing  the  strength  of  materials.  But 
the  shape  of  the  materials  you  used  was  different.  The  beam  of  spaghetti  and  the 
beam  of  wood  were  both  solid  cylinders.  The  plastic  straw  was  a hollow 
cylinder.  These  materials  were  used  because  they  were  easy  to  obtain  and 
because  you  will  be  using  them  in  the  next  section.  But  how  does  the  shape  of  a 
beam  affect  its  strength? 

Construction  materials  are  often  available  in  sheets.  You  can  buy  sheets  of 
plywood,  sheets  of  steel,  sheets  of  plastic,  and  sheets  of  paper.  You  can  build 
structures  from  each  of  these  materials.  During  construction  you  can  use  these 
materials  to  make  a variety  of  shapes.  A sheet  of  plywood  can  be  cut  and  then 
glued  into  a box-like  shape  to  make  a drawer.  A sheet  of  paper  can  be  folded  to  a 
new  shape  to  make  a paper  airplane. 


II 

In  the  very  first  activity  in  this  module  you  used  sheets  of  cardboard  called  index 
cards.  You  may  have  discovered  when  you  were  building  your  prototype  bridge 
that  you  were  able  to  increase  the  strength  of  the  index  card  simply  by  changing 
i its  shape.  Now  you  wiU  compare  different  shapes  of  a material  to  find  out  how 
I the  shape  of  a beam  affects  its  strength. 


Testing  the  Strength  of  Shapes 


5 In  this  activity  you  will  investigate  the  relationship  between  the  shape  of  a 
li  material  and  its  strength  when  used  as  a beam. 


!i 
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i Materials  You  Need 

'! 

i| 

I;  force  meter 

;!  • masking  tape 

I*  7 cm  X 21  cm  strips  of  poster  paper,  or  other  stiff  thin  cardboard 
• two  blocks,  or  books  (to  form  end  supports) 

i| 

||  There  are  many  shapes  you  can  make  using  poster  paper.  You  can  fold,  bend, 

||  and  tape  the  poster  paper.  Whatever  shape  you  choose,  the  beams  you  make 
I from  the  poster  paper  must  span  a gap  of  1 8 cm.  Use  the  wood  blocks  to  form 
supports  at  each  end  of  the  beam. 


Follow  the  instructions  and  answer  the  questions. 


1 . Look  at  the  following  three  examples  of  shapes  that  can  be  made  out  of  a 
7 cm  X 21  cm  strip  of  poster  paper. 


Flat 

U-Shape 

Box  Shape 

/ 7 

/,  / 

J 

/my 

Science  7 


Module  2 - Section  3 


31 


2.  Sketch  two  other  possibilities.  Remember,  the  beam  must  be  made  out  of 
one  strip  of  poster  paper.  Also,  the  beam  must  span  an  18  cm  gap. 


Your  A Design 

Your  B Design 

3.  Which  of  the  five  shapes  do  you  think  will  make  the  strongest  beam? 


4.  Make  the  five  shapes,  using  one  strip  of  cardboard  for  each  shape.  Fold, 
bend,  and  tape  the  cardboard,  if  necessary,  to  retain  the  desired  design. 

5.  Place  the  two  wood  blocks  18  cm  apart.  Set  the  fiat  beam  on  the  supports  to 
span  the  gap. 

6.  Use  tape  to  attach  the  force  meter  onto  the  middle  of  the  beam. 

7.  Gently  apply  downward  force  onto  the  beam. 

8.  Record  the  force  required  to  cause  a deflection  of  1 cm.  (If  the  shape 
permanently  distorts  before  a deflection  of  1 cm,  record  the  force  used  just 
before  the  beam  broke.) 

9.  Repeat  the  preceding  steps  using  the  other  beams. 
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1 0.  Record  your  measurements  in  the  observation  chart. 

Observation  Chart  for  Strength  of  Different  Beam  Shapes 


Shape  of  Beam 

Force  (N)  | 

(required  for  deflection  of  1 cm)| 

Flat 

U-Shape 

Box  Shape 

Your  >4  Design 

Your  B Design 

Interpretations 

1 1 . Which  shape  was  able  to  withstand  the  greatest  bending  force? 

12.  How  could  this  kind  of  scientific  knowledge  help  you  build  a better 
prototype  bridge  than  the  one  you  built  in  Section  1? 


Discuss  your  answers  with  your  learning  facilitator. 


Activity  3:  Expiaining  Your  Observations 

In  the  previous  activities  you  compared  types  and  shapes  of  materials  to  find  out 
which  were  stronger  when  used  as  a beam.  You  measured  how  much  force  was 
needed  to  bend  and  break  the  beams. 

You  did  not  find  out  why  some  materials  and  some  shapes  are  stronger  than 
others.  Science  answers  this  type  of  question.  This  activity  will  help  you 
understand  some  reasons  why  some  beams  bent  or  broke  under  less  force  than 
others. 
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li 

5 This  activity  is  based  on  the  information  present  on  pages  102  to  104  of  the 
I textbook.  You  may  wish  to  refer  to  these  pages  for  additional  information. 

^ Do  either  Part  A or  Part  B.  ^ 

j Part  A involves  using  pleated  straws  and  answering  questions. 

i! 

I Part  B requires  viewing  the  videocassette  called  Science  of  Architecture, 

||  Program  2:  Push  and  Pull  (30  minutes)  and  answering  questions. 

Part  A:  Using  Pleated  Straws 


Note:  You  do  not  need  to  complete  Part  A if  you  wish  to  do  Part  B. 

I Materials  You  Need 


i 

i 


• pleated  straws 

• two  blocks,  or  books  (to  form  end  supports) 

Follow  the  instructions  and  answer  the  questions. 

1.  Observe  a new  bendable  straw.  Sketch  the  appearance  of  the  pleated  section. 

New  Bendable  Straw 
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2.  While  holding  the  straw  by  its  ends,  gently  pull  on  the  ends.  Sketch  how  the 
appearance  of  the  pleated  section  changes  when  you  are  pulling.  (The 
change  will  be  very  slight,  so  look  closely.) 


Tension:  a pulling  force,  such 
as  stretching 


l! 


!i 


Bendable  Straw  When  Being  Pulled 


Pulling  is  a type  of  force.  Another  name  for  this  kind  of  force  is  tension.  By 
pulling  on  the  ends  of  the  straw  you  cause  tension  in  the  straw.  What 
happens  to  the  pleated  section  during  tension? 


4.  While  holding  the  straw  by  its  ends,  gently  push  the  ends  of  the  straw  toward 
the  centre.  Sketch  how  the  appearance  of  the  pleated  section  changes  when 
you  are  pushing. 


Bendable  Straw  When  Being  Pushed 


Science  7 


Module  2 - Section  3 


35 


Compression:  a pushing  force, 
such  as  squeezing 


5.  Pushing  is  a type  of  force.  The  scientific  name  for  a pushing  force  is 
compression.  By  pushing  on  the  ends  of  the  straw  you  exerted  a 
compressive  force.  What  happened  to  the  pleated  section  during 
compression? 


6.  Using  the  words  push  and  pull,  describe  the  difference  between  a 
compression  and  a tension. 


7.  Using  words  such  as  squeeze  and  stretch,  describe  what  happens  as  a result 
of  compression  and  tension? 


8.  Use  a new  pleated  straw  to  make  a beam  across  two  wood  blocks. 

9.  Push  down  with  your  finger  near  the  pleated  section.  Observe  the 
appearance  of  the  pleats.  Look  carefully  at  the  top  and  the  bottom  of  the 
pleated  section.  You  have  applied  a bending  force. 

10.  In  the  following  spaces,  draw  what  the  pleats  looked  like  during  tension  and 
compression.  Then  draw  what  the  pleats  looked  like  during  bending. 


Tension 


Compression 


Bending 
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Ij  11.  Bending  involves  both  compression  and  tension.  The  following  diagram 
I shows  the  pleated  section  of  a straw  during  bending.  Clearly  indicate  on  the 

|i  diagram  where  there  is  tension  and  where  there  is  compression. 


Interpretations 


12.  You  have  learned  about  three  different  types  of  forces. 


• pulling 

• pushing 

• bending 


These  three  forces  can  be  thought  of  as  examples  of  compression  and 
tension.  Show  your  understanding  of  this  idea  by  writing  compression, 
tension,  or  both  compression  and  tension  in  the  blank  spaces  that  follow. 


a.  pushing 


b.  pulling 

c.  bending 


Discuss  your  answers  with  your  learning  facilitator. 
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Part  B:  Videocassette 

Note:  You  do  not  need  to  complete  Part  B if  you  have  already  done  Part  A. 

View  the  videocassette  called  Science  of  Architecture,  Program  2:  Push  and 
Pull  (30  minutes). 

1.  Define  compression. 


2.  Define  tension. 


3.  Describe  how  bending  can  be  explained  as  a combination  of  compression  and 
tension. 


4.  During  the  videocassette  the  narrator  uses  a flexible  rod  to  demonstrate  how 
bending  can  be  explained  as  a combination  of  compression  and  tension.  He 
drew  square  patterns  which  changed  shape  during  bending. 


The  following  diagrams  show  a beam  with  squares  drawn  on  it.  Label  the 
areas  which  are  under  compression  and  the  areas  which  are  under  tension. 
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5.  Use  the  words,  push,  pull,  squeeze,  and  stretch,  to  explain  the  diagram.  If  it 
helps,  label  parts  of  the  diagram  and  refer  to  them  in  your  explanation. 


Check  your  answers  with  your  learning  facilitator. 


Activity  4:  Designs  to  Increase  Beam  Strength 

Direction  of  Beams 

You  have  learned  that  the  size  of  load  that  a beam  can  support  without  bending 
or  breaking  depends  on  the  type  of  material  of  which  the  beam  is  made  and  the 
shape  of  the  beam.  You  have  also  learned  that  beams  must  resist  the  forces  of 
compression  and  tension. 

There  is  one  more  important  consideration.  The  way  the  beam  is  placed  affects 
its  strength.  When  a beam  is  on  its  narrow  edge,  it  can  support  a much  heavier 
load.  That  is  because  the  load  is  being  supported  by  a greater  thickness  of 
material.  To  see  this  for  yourself,  try  bending  a ruler  slightly  along  its  flat  side. 
Now  try  bending  it  along  the  narrow  edge. 

Even  without  a load  on  a beam,  the  beam  is  under  stress.  The  beam’s  own 
weight  must  be  supported.  A piece  of  paper  is  not  strong  enough  to  support 
itself,  because  its  own  weight  has  enough  force  to  bend  it. 
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Read  page  108  of  Science  Directions  7 and  study  diagrams  (a)  and  (b)  near  the 
top  of  the  page. 

1 .  Can  a greater  load  be  supported  by  the  beam  shown  in  diagram  (a)  or  by  the 
beam  shown  in  diagram  (b)? 


2.  Give  a reason  to  support  your  answer  for  question  1 . 


The  Neutral  Axis 

The  diagrams  which  follow  show  a beam  before  and  after  it  has  a load  on  it. 


C D 


3.  Measure  the  distances  AB,  CD,  and  EF  on  the  diagram  of  the  beam  when  it  is 
straight.  Record  the  measurements. 

• AB  

. CD  

• EF  
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si  4.  Now  measure  these  same  parts  when  the  beam  is  bent  under  a load.  To  do 
this,  lay  a piece  of  string  along  the  lines  AB,  CD,  and  EF  on  the  beam  as 
shown  when  it  is  bent  under  the  load.  Mark  the  ends  of  the  lines  on  the 
string.  Measure  the  string  to  find  the  lengths  of  the  lines.  Record  the 
measurements. 

. AB  

• CD  

• EF  

5.  When  the  beam  is  bent,  which  line  is  under  tension? 

6.  When  the  beam  is  bent,  which  line  is  under  compression?  

7.  Is  there  a line  in  the  curved  beam  that  is  neither  under  compression  nor 
tension?  How  do  you  know? 


Neutral  axis:  an  imaginary  line 
halfway  between  the  top  and  the 
bottom  of  a beam  which  does 
very  little  to  support  a load 


1_ 
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You  found  that  there  is  a line  along  the  centre  of  a beam  that  is  neither  squeezed 
nor  stretched.  That  means  that  the  centre  of  the  beam  receives  no  stress  from  a 
load.  This  line,  which  is  exactly  halfway  between  the  top  and  bottom  of  a beam, 
is  called  the  neutral  axis.  Along  the  neutral  axis  the  beam  is  doing  very  little  to 
support  a load.  Therefore,  the  material  in  the  centre  of  a beam  can  be  reduced 
without  weakening  the  beam. 

Read  page  109  of  Science  Directions  7,  and  study  the  diagrams  of  the  three  kinds 
of  beams.  Find  out  how  the  information  about  the  neutral  axis  can  be  used. 

The  next  time  you  pass  a bridge,  take  a close  look  at  the  beams.  They  might  be 
shaped  like  the  I-beam,  L-beam,  or  Box-beam  that  you  just  examined  in  your 
textbook.  These  beams  have  less  mass  than  solid  beams,  they  are  less  expensive 
than  solid  beams,  and  they  can  support  a greater  load.  This  can  be  explained  by 
using  the  ideas  of  compression  and  tension. 

Remember,  a thick  beam  is  stronger  than  a thin  beam.  But  the  centre  of  the  beam 
is  not  resisting  either  compression  or  tension.  The  only  purpose  of  the  material 
in  the  centre  is  to  keep  the  top  and  bottom  of  the  beam  far  apart.  This  knowledge 
helps  us  in  designing  strong  beams  that  are  light  in  weight. 
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You  will  often  see  examples  of  beams  like  these  when  you  are  in  a large  building 
that  has  steel  beams.  Arenas  are  good  places  to  look  for  this,  because  the  ceiling 
is  usually  open  and  you  can  see  the  beams.  Bridges  made  of  steel  are  also  good 
places  to  look  for  I-beams. 

8.  What  are  some  advantages  of  I-beams,  L-beams,  and  Box-beams  over  solid 
beams. 


Activity  5:  Beams  and  Trusses 

You  would  have  trouble  trying  to  make  an  I-beam  yourself.  I-beams  are  usually 
made  of  steel.  Making  steel  involves  melting  iron,  which  requires  a temperature 
higher  than  1500°C. 

But  you  can  make  a truss  out  of  wood.  A truss  has  very  little  material  in  the 
centre  and  there  is  a large  distance  between  the  top  and  the  bottom.  A truss  has 
many  of  the  advantages  of  an  I-beam.  Long  before  the  I-beam  was  invented, 
people  used  trusses. 

One  of  the  most  important  features  of  a building  is  its  roof.  The  simplest  way  to 
build  a roof  is  to  place  beams  between  the  tops  of  supporting  walls. 
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I However,  if  you  are  unable  to  find  beams  long  enough  to  reach  from  wall  to  wall 

I shorter  beams  can  be  leaned  against  each  other. 

i 


I This  idea  has  led  to  the  development  of  the  truss. 

I Now  you  will  make  a simple  prototype  building,  using  the  wood  blocks  to  form 

j|  the  supporting  walls.  You  will  use  wooden  stir  sticks  to  make  the  roof  supports. 

II  Materials  You  Need 

• two  wooden  stir  sticks,  or  strips  of  stiff  cardboard,  with  holes  in  the  ends 

• a brass  paper  fastener 

• two  wood  blocks 

• a length  of  string  (about  30  cm) 

• tape 

li 

|l  Steps  to  Follow 

I Step  1 : Place  the  wood  blocks  8 cm  apart  to  form  walls  for  your  prototype 

I building. 

Step  2:  Place  a wooden  stir  stick  across  the  walls  to  form  a beam.  Using  tape, 
attach  the  ends  of  the  beam  to  the  walls. 
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Step  3:  Push  down  on  the  beam.  Observe  what  happens  to  the  walls. 

The  downward  force  you  apply  to  the  beam  results  in  a downward  force 
on  the  walls.  If  the  beam  and  walls  are  strong  enough  to  support  the 
downward  force,  the  structure  will  stand. 

Step  4:  Now  place  the  wood  blocks  16  cm  apart.  The  stir  stick  beam  is  too  short 
to  reach  from  wall  to  wall. 

Step  5:  Join  two  wooden  stir  sticks  with  a brass  paper  fastener. 


Step  6:  Use  the  joined  stir  sticks  to  form  a sloped  roof  for  the  building.  Tape  the 
ends  of  the  stir  sticks  to  the  walls. 


A roof  shaped  like  an  inverted  V allows  you  to  span  a distance  greater 
than  the  length  of  the  individual  pieces.  Another  benefit  of  a sloped  roof 
is  its  ability  to  shed  rain  and  snow. 
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Step  7:  Now  push  down  on  the  top  of  the  roof.  Again,  watch  what  happens  to 
the  walls. 

This  time  the  downward  force  you  apply  to  the  sloping  roof  results  in  an 
outward  force  that  tries  to  push  the  walls  apart. 


To  solve  this  technical  problem,  you  can  use  scientific  knowledge  about 
forces.  You  (or  the  weight  of  snow)  pushed  down  on  the  roof.  A 
pushing  force  is  compression.  The  top  of  the  roof,  made  of  wooden  stir 
sticks  and  a brass  paper  fastener,  is  strong  enough  to  resist  the 
compression. 

The  bottom  of  the  roof  is  just  the  stir  sticks  resting  on  the  wood  blocks. 
The  downward  force  on  the  roof  seems  to  pull  the  walls  apart.  To  keep 
them  together,  you  (or  something)  must  pull  the  bottom  of  the  stir  sticks 
together.  A pulling  force  is  tension.  A string  can  resist  very  little 
compression,  but  it  resists  tension  very  well. 

Step  8:  Use  a string  to  tie  the  bottom  of  the  two  wooden  stir  sticks  together  so 
that  they  are  16  cm  apart.  You  have  made  a truss. 
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Step  9:  Set  the  wocx!  blocks  16  cm  apart.  Place  the  stir-stick  truss  on  the  walls. 
Tape  the  ends  of  the  truss  to  the  blocks. 


Step  10:  Once  again  push  down  on  the  top  of  the  roof,  and  again  watch  what 
happens  to  the  walls. 

This  time  the  downward  force  you  applied  to  the  sloping  roof  does  not 
push  the  walls  apart.  The  string  acts  like  the  bottom  of  a beam  resisting 
the  tension  (pulling  apart). 

Step  1 1 : (Optional) 


Compare  a beam  to  a truss  by  indicating  the  areas  of  compression  and 
tension  on  the  following  diagrams. 
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Activity  6:  Constructing  a Prototype  Wood  Frame 
Buiiding 

|i 

Ij  You  have  constructed  a truss  in  the  previous  activity.  What  is  special  about  a 

ii  truss?  Well,  a truss  is  a triangle.  Triangular  shapes  add  a great  deal  of  strength 

I because  they  are  not  easily  deformed.  A truss  is  very  much  like  a thick  beam,  but 

I it  does  not  require  as  much  material.  A truss  uses  much  less  material  to  create 

the  strength  of  a thick  beam. 

i 

j Trusses  must  be  tied  together  so  that  they  do  not  fall  over.  In  most  houses  this  is 

|i  done  with  the  roofing  material.  A simple  construction  wiU  show  you  how  trusses 

are  used  for  many  wood  frame  buildings. 

You  will  build  a simple  prototype  of  a wood  frame  building. 

Materials  You  Need 

|! 

■|  • nine  wooden  stir  sticks,  or  stiff  cardboard  strips,  with  holes  in  the  ends 

j • six  brass  paper  fasteners 

I • a wood  dowel,  or  stiff  wire,  (20  cm  long  or  longer) 

I • two  wood  blocks 

ii 

I Steps  to  Follow 

ii 

r 

Step  1 : Join  three  wooden  stir  sticks  with  two  brass  paper  fasteners  as  shown. 
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Step  2:  Make  two  more  sets  of  three  wooden  stir  sticks,  as  in  step  1. 

Step  3:  Insert  the  wood  dowel  into  the  holes  at  the  ends  of  the  stir  sticks  to  make 
three  trusses  joined  by  the  dowel. 


Step  4:  Set  the  roof  onto  the  wood  blocks  to  make  a prototype  wood  frame 
building. 
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i;  Questions  to  Answer 

ij 

! See  how  triangles  have  been  used  in  each  of  the  following  examples.  Then 
I answer  the  questions  which  follow. 

jl 

II.  In  1 848  James  Warren  patented  a truss  system  that  is  still  used  in  many 
structures  today.  Warren’s  truss  system  is  a simple  combination  of 
equilateral  triangles. 


The  Warren  Truss 


Where  do  you  expect  that  Warren  trusses  might  be  used? 


I 2.  Horizontal  bracing  can  be  used  over  the  top  of  Warren  trusses. 

I 


Why  would  horizontal  bracing  be  needed? 
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3.  In  large  buildings,  like  airplane  hangers  and  sports  halls,  trusses  may  be  used 
in  multiple  directions.  These  are  called  space  grids.  Trusses  of  equal  length 
and  span  are  used  in  both  directions. 


Discuss  your  answers  with  your  learning  facilitator. 


Extension 


Although  James  Warren  patented  his  design  in  1848,  nature  was  already  using 
this  design.  Compare  the  cross  section  of  the  metacarpal  bone  of  the  wing  of  a 
vulture  with  that  of  a Warren  truss. 
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Joint:  the  point  at  which  parts  of 
a structure  are  connected 
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Activity  7:  Jointed  Structures 

The  similarity  of  design  of  manufactured  structures  and  natural  structures  seems 
endless.  Consider  how  parts  of  structures  are  connected.  The  point  at  which 
parts  are  connected  is  called  a joint. 

Read  pages  122  to  124  of  Science  Directions  7 for  information  on  making 
! connections. 

ll  Both  the  bicycle  and  the  human  body  include  parts  joined  by  mobile  joints. 

i|  Some  of  the  joints  in  the  rider’s  body  have  been  shown  in  the  diagram  on  page 

; 124  of  the  textbook.  Where  are  the  other  joints  in  the  rider’s  body  located?  Can 

i|  you  see  any  joints  in  the  bicycle? 

[i  1 . Name  one  joint  in  the  human  body. 

!i 

S 

!i  2.  Compare  a joint  in  the  bicycle  to  the  joint  you  named  in  question  1 . What 
bicycle  joint  did  you  choose? 


a.  In  what  ways  is  it  similar? 


ii 

ii 

I 


b.  In  what  ways  is  it  different? 

|i 

3.  Name  another  joint  in  the  human  body. 


ii 

|| 

i' 

|i 

i; 

I 

j| 

f 
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4.  Compare  another  joint  in  the  bicycle  to  the  joint  you  named  in  question  3. 
What  bicycle  joint  did  you  choose? 

[ 

i 

a.  In  what  ways  is  it  similar? 


b.  In  what  ways  is  it  different? 
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Discuss  your  answers  with  your  learning  facilitator. 


Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is 
recommended  that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of 
the  concepts,  it  is  recommended  that  you  do  the  Enrichment. 

Extra  Help 

Read  Pushing  Together,  Pulling  Apart  and  Activity  2-9  on  pages  97  and  98  of 
Science  Directions  7.  The  experiment  you  will  be  doing  in  this  Extra  Help  is 
based  on  the  information  given  for  Activity  2-9. 

Compression  is  a force  that  pushes  things  together.  When  you  squeeze  a sponge 
so  that  it  becomes  smaller,  you  are  applying  a compressive  force,  or  you  could 
say  that  the  sponge  is  under  compression.  Some  materials  resist  compression 
better  than  others.  When  you  sit  on  a chair  you  are  applying  a compressive  force, 
even  if  the  chair  does  not  squeeze  together. 

There  is  another  type  of  force  that  acts  to  pull  material  apart.  This  force  is  called 
tension.  When  you  stretch  an  elastic  band,  you  are  applying  tension.  Some 
materials  resist  tension  better  than  others.  When  you  pull  on  a chain  you  are 
applying  a tension,  even  if  the  chain  does  not  stretch. 
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material  has  to  resist  tension 
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Silk  is  an  example  of  a natural  material  that  has  a high  tensile  strength  for  its 
size.  It  is  produced  by  certain  insects  as  a building  material  for  their  webs  and 
cocoons.  A single  fine  thread  of  silk  (which  is  much  thinner  than  a human  hair) 
made  by  the  larva  of  the  silkworm  moth  can  support  a mass  of  four  grams  before 
breaking. 

You  can  test  and  compare  the  tensile  strength  of  materials  by  gradually  pulling 
on  them  with  increasing  loads  until  the  material  breaks. 

Materials  You  Need 

• 30  cm  lengths  of  four  different  types  of  thread 

• wooden  block  30  cm  or  longer 

• bag  or  plastic  container  to  hold  the  load 

• 100  g bags  of  sand,  or  other  small  heavy  objects  such  as  nails 

Steps  to  Follow 

Step  1 : Support  the  wooden  block  across  the  backs  of  two  chairs  or  any  other 
supports.  The  wooden  block  should  be  at  least  50  cm  above  a surface. 

Step  2:  Tie  one  sample  of  thread  securely  to  the  wooden  block. 

Step  3:  Attach  the  lower  end  of  the  thread  to  the  bag  or  plastic  container. 

Step  4:  Gradually  add  bags  of  sand,  or  other  small  heavy  objects,  such  as  nails, 
until  the  thread  breaks.  Record  the  number  of  bags  of  sand  that  the 
thread  will  support  without  breaking. 

Step  5:  Repeat  this  test  of  tensile  strength  for  the  other  samples  of  thread. 

Observations 


Type  of  Thread 

Number  of  Bags  Supported 
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Questions  to  Answer 

1 .  List  the  thread  samples  in  order  of  their  tensile  strength,  with  the  strongest  at 
the  top  and  the  weakest  at  the  bottom. 

strongest  thread  


weakest  thread  

2.  How  could  you  test  the  tensile  strength  of  different  samples  of  paper,  such  as 
newspaper,  paper  towelling,  grocery  bag  paper,  and  waxed  paper?  Use  a 
diagram  as  part  of  your  description. 


3.  Which  would  have  a greater  compressive  strength,  a pencil  or  a string? 
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Explain  how  you  know. 


Discuss  your  answers  with  your  learning  facilitator. 
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Enrichment 

Read  Material  Failure  on  page  99  of  Science  Directions  7.  Then  answer  the 
questions  that  follow. 

1 . Bend  a paper  clip  back  and  forth  in  the  same  spot  until  it  breaks.  How  many 
times  did  you  bend  it? 


2.  Define  metal  fatigue. 


The  design  of  materials  using  metals  must  take  into  account  any  bending  that 
takes  place  and  ensure  that  bending  does  not  lead  to  breakage.  If  repeated 
bending  cannot  be  eliminated,  then  parts  may  have  to  be  replaced  on  a regular 
basis.  This  is  often  what  is  done  in  transportation  equipment  such  as  airplanes. 
Safety  is  ensured  by  careful  examination  for  signs  of  stress  and  replacement  of 
parts  as  needed. 


Metal  fatigue:  loss  of  strength  of 
a material  due  to  repeated  stress, 
such  as  bending 

Alloys:  metallic  materials  which 
are  made  of  two  or  more  metals 
in  combination 


Another  solution  to  the  problem  of  metal  fatigue  has  been  the  development  of 
new  materials  called  alloys.  An  alloy  is  a mixture  of  two  or  more  metals.  Alloy 
have  properties  that  are  different  from  the  properties  of  the  metals  from  which 
they  are  made.  The  following  chart  shows  four  commonly  used  alloys. 
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Metal  Combination 
or  Alloy 

Properties 

Uses 

copper  and  zinc 

• shiny  and  attractive 

• strong 

• resists  corrosion 

• can  be  polished 

• ornaments 

• door  fitting 

• parts  of  electrical  plugs 

copper  and  tin 

• resists  corrosion 

• shiny  and  attractive 

• can  be  polished 

• ship  propellers 

• statues 

iron  and  carbon 

• can  be  rolled  into 
sheets 

• strong 

• automobile  bodies 

• construction 

iron,  carbon, 
chromium,  and  nickel 

• no  corrosion 

• shiny 

• strong 

• hard 

• cutlery 

• sink  tops 

• surgical  instruments 

3.  Use  the  information  from  the  previous  chart  to  identify  each  alloy.  Draw 
lines  to  connect  the  name  of  the  alloy  with  the  metals  from  which  it  is  made. 


Alloys 

Metal  Combinations 

steel 

copper  and  zinc 

brass 

copper  and  tin 

bronze 

iron  and  carbon 

stainless  steel 

iron,  carbon,  chromium,  and  nickel 

For  more  information  on  alloys,  read  page  100  of  Science  Directions  7. 


Check  your  answers  with  your  learning  facilitator. 
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Conclusion 

In  this  section  you  found  out  how  scientific  infonnation  can  explain  why  some 
products  of  technology  work.  You  should  also  understand  how  knowing  or 
finding  scientific  information  can  help  you  solve  technological  problems. 

The  scientific  knowledge  that  is  most  helpful  in  designing  structures  is  an 
understanding  of  forces  (compression  and  tension). 


ASSIGNMENT  , 

Assignment 

Booklet 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  3. 

s- 

A 
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Finding  a Soiution 


In  Section  1 you  were  asked  to  solve  a problem.  Without  knowing  how  science 
explains  the  forces  acting  on  a beam,  you  tried  to  support  as  many  sandbags  as 
possible  on  index  cards  over  an  8 cm  gap. 

In  Section  2 you  used  a systematic  way  to  solve  a practical  problem.  This 
problem-solving  strategy  gave  you  a plan  to  organize  and  test  your  ideas. 


In  Section  3 you  learned  why  some  designs  may  not  work.  You  learned  about 
the  forces  of  compression  and  tension,  and  why  some  shapes  are  stronger  than 
others. 

In  this  section  you  will  solve  a practical  problem  in  a planned  way  by 
developing  a prototype  of  another  bridge  as  a means  to  test  your  ideas.  You  will 
use  your  knowledge  of  compression  and  tension  to  help  identify  and  evaluate 
alternative  designs. 
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Activity  1:  Building  a Prototype 

As  you  learned  earlier,  a prototype  is  a model  that  allows  you  to  try  out  a design 
to  see  how  well  it  works.  A model  bridge  is  an  example  of  a prototype.  Before 
building  a real  bridge  or  building,  architects  and  engineers  often  build  prototypes 
and  test  them  under  a variety  of  conditions. 


An  important  first  step  in  designing  is  knowing  the  specifications.  Before  you  try| 
to  design  something  to  solve  a problem,  you  must  know  what  the  problem  is  and 
exactly  what  is  needed.  For  example,  if  you  were  asked  to  design  a doghouse, 
you  should  find  out: 

• how  big  the  doghouse  should  be 

• how  much  money  the  dog  owner  is  wilhng  to  spend  on  the  doghouse 

• if  the  dog  is  going  to  live  in  the  doghouse  in  the  winter 

Answers  to  questions  such  as  these  give  us  the  specifications.  Example 
specifications  could  be: 

• the  doghouse  must  not  cost  more  than  $75 

• the  doghouse  must  be  no  smaller  than  one  square  metre  and  no  larger  than 
two  square  metres 

• the  doghouse  must  provide  some  form  of  insulation  against  the  cold 

If  the  doghouse  is  built  to  specifications,  the  dog  and  its  owner  will  be  satisfied. 

If  not,  the  dog  may  not  use  it;  it  could  cost  too  much  and  the  dog  owner  will  not 
buy  it;  or  the  dog  would  not  be  comfortable  and  healthy. 


Your  task  in  this  section  is  to  find  a fitting  solution  to  a problem.  To  solve  this 
problem  you  will  build  a prototype  bridge  but  with  different  specifications  than 
those  used  in  Section  1. 

Problem 


Build  the  lightest  bridge  that  you  can  to  fit  the  following  specifications. 
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Specifications 

Your  prototype  bridge  must  satisfy  the  following  conditions. 

• The  bridge  must  span 
a gap  of  30  cm. 


• There  must  be  no  supports  of  any  type  under  the  bridge. 

• Your  bridge  must  be  able  to  support  a weight  of  400  g with  a maximum 
deflection  of  3 cm. 


• The  river  banks  will  be  either  two  wood  blocks  or  book  edges.  The  bridge 
cannot  be  permanently  attached  to  the  wood  blocks,  or  book  edges. 

• The  bridge  must  be  built  using  only  the  following  materials.  You  may  use 
all  of  these  materials  or  only  some  of  them. 

- pins  - straws  - thread 

- spaghetti  - thin  wood  dowels  - glue 

Note:  You  must  draw  a diagram  or  take  a photograph  of  the  completed  prototype 
to  show  the  design  of  your  complete  bridge  clearly. 


If  you  do  not  understand  the  problem  and  all  five  specifications,  check 
with  your  learning  facilitator. 
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Now  you  are  ready  to  start.  Remember,  it  is  very  important  to  plan  first  and  to 
keep  notes  of  how  you  solve  the  problem.  At  this  point  you  may  wish  to  look  at 
the  Assignment  Booklet  to  find  out  what  will  be  asked  once  you  have  completed 
this  section. 

I While  building  your  prototype  bridge,  you  may  look  back  at  Sections  1 , 2,  and  3 
I any  time  to  review  what  you  have  learned.  The  reason  you  are  doing  this  activity 

iis  to  show  that  you  can  solve  a practical  problem  in  a systematic  way,  and  that 
you  can  use  science  information  about  forces  to  help  you  solve  the  problem. 

Keep  notes  in  the  following  boxes.  A number  of  questions  are  included  to  help 
1 guide  you  with  your  notes. 

Developing  a Plan 

1 . • Where  did  you  get  ideas  about  the  possible  designs  for  your  prototype? 

• How  did  you  decide  which  design  to  build? 

• How  did  you  choose  which  materials  to  use? 


Developing  a Plan 


cien 
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Carrying  Out  the  Plan 

2.  • Did  you  change  your  design  once  you  started  to  build  your  prototype? 
Why? 

• How  did  you  test  your  prototype? 


Evaluating 

3.  • Were  you  successful  in  keeping  your  bridge  as  light  as  possible? 
• How  did  you  decide  when  you  had  completed  the  task? 
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4.  Now  that  you  have  completed  your  prototype,  include  a diagram,  or 
photograph,  and  a description  of  the  prototype  in  the  following  space. 
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5.  This  part  is  optional. 


Now  build  the  lightest  prototype  bridge  you  can,  but  also  do  it  for  the  lowest 
possible  cost.  Keep  additional  notes  in  the  following  chart  about  the  cost  of 
the  materials  for  each  of  your  alternatives  and  for  the  design  you  build. 


Cost  of  Materials 


Material 

Cost 

Number 

Used 

Money  Spent  on  This 
Material 

pins 

$1  each 

straws 

$5  each 

thread 

$1  for  30  cm 

spaghetti 

$1  each 

wood  dowel 

$10  each 

glue 

$1  for  each  mL 

Total  Cost  of  Materials 

Discuss  your  answers  with  your  learning  facilitator. 


Follow-up  Activities 


If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is 
recommended  that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of 
the  concepts,  it  is  recommended  that  you  do  the  Enrichment. 
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Extra  Help 

I Why  Be  a Square  When  You  Can  Be  a Triangle? 

Problem 

j How  do  triangles  strengthen  a frame? 


i Materials  You  Need 

|! 

• strips  of  Stiff  cardboard 
! • paper  fasteners  or  pins 

j! 

I Steps  to  Follow 


Note:  This  Extra  Help  is  based  on  the  information  given  for  Activity  2-13  on 
page  112  of  Science  Directions  7.  Refer  to  the  Procedure  and  the 
diagrams  on  page  1 12  of  the  textbook  to  complete  the  following  four 
steps. 


Step  1 : Join  four  strips  of  stiff  cardboard  with  pins  to  make  a square  frame.  Pusl| 
the  frame  at  point  A.  (See  the  textbook  diagram.) 


Step  2:  Add  one  long  strip  of  cardboard  to  your  frame  in  a way  that  will  make  it| 
more  rigid.  Test  the  frame  by  pushing  at  point  A.  (See  the  textbook 
diagram.) 


Step  3:  Make  another  square  frame.  This  time  make  it  rigid  by  using  four  short 
strips  of  cardboard. 


!i 


I Step  4: 


Make  a rectangular  frame.  Make  it  rigid  by  adding  two  strips  of 
cardboard. 


Show  your  constructions  for  steps  2,  3,  and  4 to  your  learning  facilitator. 


Making  Rigid  Sheets 

Problem 


How  can  you  make  a flat  sheet  more  rigid? 


cier 
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Materials  You  Need 

• two  sheets  of  paper  or  thin  cardboard  (about  28  cm  x 22  cm) 

• eight  100  g bags  of  sand,  or  small  plastic  container  with  marbles 

• two  wooden  blocks,  or  small  boxes 

Note:  This  Extra  Help  is  based  on  the  information  given  on  pages  1 13  to  1 15  of 
Science  Directions  7.  Read  these  pages  and  refer  to  the  diagrams  shown 
to  help  you  complete  the  questions  which  follow. 

1 .  Hold  a sheet  of  paper  by  the  bottom  edge  as  shown  in  (a)  on  page  114  and  try 
to  make  it  stand  upright.  What  happens  to  the  sheet  of  paper? 


2.  Fold  the  sheet  lengthways  in  half  as  shown  in  (b)  on  page  1 14.  Now  try  to 
stand  it  upright. 

a.  How  well  does  this  work? 


b.  What  difference  would  it  make  if  a different  thickness  of  paper  were 
used? 


3.  a.  Place  the  two  blocks  about  15  cm  apart.  Place  a sheet  of  paper  so  that  it 
makes  a bridge  between  the  two  boxes  as  shown  in  (c)  on  page  115.  Will 
this  bridge  support  one  of  the  100  g test  bags  of  sand? 

— 

b.  Make  five  folds  in  the  sheet  of  paper  to  make  it  more  rigid  as  shown  in 
(d)  on  page  115.  Will  this  bridge  hold  the  test  bags? 
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c.  Test  the  strength  of  your  bridge  by  adding  more  test  bags  until  the  bridge 
starts  to  bend.  How  many  test  bags  did  it  hold  before  it  started  to  bend? 


4.  Can  you  make  your  bridge  stronger  by  adding  more  folds?  Try  some 
different  designs  and  test  them  by  using  the  test  bags  as  a load. 


I 

ii 


Describe  what  you  tried  and  what  the  results  were. 


Discuss  your  answers  with  your  learning  facilitator. 
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Enrichment 

A Case  Study:  Just  an  Ordinary  Bridge 

I Read  Activity  2-16,  A Case  Study:  Just  an  Ordinary  Bridge  on  pages  1 19  to  121 
j of  Science  Directions  7.  It  describes  the  steps  that  a planning  team  had  to  take 
I before  building  a new  bridge  near  the  town  of  Devon,  Alberta. 

l! 

j Answer  the  following  questions  on  the  case  study. 

I ! 

||  1 . What  issues  led  people  to  decide  that  a new  bridge  was  needed  across  the 

!i  river? 


!; 
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2.  Once  the  decision  was  made  to  build  a new  bridge,  state  at  least  three 
questions  the  planners  and  engineers  had  to  consider  and  solve  before 
starting  to  build  the  bridge. 


3.  Give  the  ideas  or  plan  they  had  for  answering  one  of  these  questions. 


4.  What  were  some  of  the  factors  they  had  to  evaluate  in  their  building  design? 


Check  your  answers  with  your  learning  facilitator. 
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Conclusion 

You  have  seen  how  a technological  problem-solving  strategy  can  be  used  to  help 
you  solve  a practical  problem  using  science  knowledge. 


Assignment 

Booklet 


ASSIGNMENT 


Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  4. 

^ ^ 
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More  Decisions 


Have  you  ever  noticed  that  hospitals  have  extra  large  elevators?  These  suit  the 
function  of  moving  beds  on  wheels  from  floor  to  floor.  But  why  do  churches 
sometimes  have  stained  glass  windows?  Why  do  cities  have  buildings  with  many 
different  designs? 

Schools  usually  contain  many  classrooms.  But  must  schools  always  contain 
classrooms?  The  picture  above  is  of  the  Alberta  Distance  Learning  Centre  in 
Barrhead,  Alberta.  It  is  a school  with  the  largest  enrolment  of  any  school  in 
Alberta,  yet  it  does  not  have  any  classrooms  within  its  walls!  This  building  was 
designed  with  its  function  in  mind;  however  its  appearance  is  also  pleasing  and 
unique. 

T here  are  design  decisions  to  be  made  that  go  beyond  strength  and  function. 
Cost,  appearance,  and  other  wants  and  needs  of  people  using  the  structures  must 
be  considered.  In  this  section  you  will  learn  more  about  these  design  decisions. 
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Technology:  inventions  or  other 
solutions  to  practical  problems 


Activity  1 : Combining  Designs 

There  are  many  decisions  about  how  a design  can  be  constructed,  changed, 
improved,  or  combined  with  other  designs  for  different  uses. 

Read  pages  84  to  87  of  Science  Directions  7 for  information  about  the 
relationship  between  the  design  and  the  function  of  structures.  In  early  human 
history  the  shape  or  design  of  a natural  structure  often  determined  what  the 
structure  could  be  used  for.  By  applying  this  knowledge  to  new  situations,  new 
and  different  structures  were  designed  and  built  to  accommodate  various  needs. 

Thought,  imagination,  and  creativity  are  important  parts  of  technology. 
Thinking  of  new  ways  to  do  something  and  creating  designs  to  fit  new  ideas  has 
resulted  in  the  building  of  many  interesting  and  useful  structures. 
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Sometimes  new  ideas  don’t  turn  out  as  well  as  expected.  Look  at  the  examples 
of  the  shower  and  the  washing  machine  described  on  page  137  of  the  textbook. 
See  if  you  can  determine  why  these  two  inventions  failed. 

Now  you  will  have  the  opportunity  to  use  a number  of  simple  objects  to  make 
structures  for  carrying  out  different  tasks.  Think  about  how  you  might  use  each 
object.  How  can  you  change  its  shape  or  combine  it  with  other  objects?  Plan 
your  designs  carefully,  and  change  them  if  they  don’t  work  at  first.  Don’t  worry 
about  making  mistakes.  The  world’s  greatest  inventors  have  many  more  failures 
than  successes.  Be  willing  to  try  and  to  learn  from  your  mistakes. 


Materials  You  Need 


Use  any  of  the  following  listed  materials  for  the  tasks.  You  may  modify  the 
materials.  For  example,  you  may  cut  or  fold  the  cardboard. 


two  drinking  straws 

two  small  containers  (250  mL) 

a marble 

scissors 

a ruler 

adhesive  tape 
sand 


five  metal  paper  clips 
a cardboard  tube 
cardboard  (20  cm  x 20  cm) 
two  large  rubber  bands 
modelling  clay 
water 
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Design  Tasks 

Carefully  read  each  of  the  following  five  tasks.  Follow  the  steps  in  the 
technological  problem  strategy  to  help  you  complete  each  task.  The  structure 
you  design  and  build  does  not  have  to  be  elaborate,  just  effective.  You  may  refer 
to  pages  88  and  89  of  the  textbook  for  additional  information. 

You  must  complete  three  of  the  following  five  tasks. 

Task  A 

• Half  fill  a small  container,  such  as  a paper  cup,  with  sand. 

• Place  the  second  small  container  15  cm  away  from  the  first. 

• Design  a structure  that  you  can  use  to  transport  some  of  the  sand  from  the 
first  container  to  the  second. 

TaskB 

• Half  fill  a small  container,  such  as  a paper  cup,  with  water. 

• Place  the  second  small  container  15  cm  away  from  the  first. 

• Design  a structure  that  you  can  use  to  transport  some  of  the  water  from  the 
first  container  to  the  second. 

TaskC 

® Roll  some  modelling  clay  into  a ball. 

® Design  a structure  to  separate  the  clay  into  three  equal  parts. 

Task  D 

• Stand  a cardboard  tube  upright  on  the  counter  top. 

• Drop  a marble  into  the  tube. 

• Design  a structure  that  you  can  use  to  lift  the  marble  from  the  tube  without 
moving  the  tube. 
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TaskE 

• Cut  a piece  of  cardboard  approximately  20  cm  x 6 cm. 

• Place  one  end  of  the  cardboard  on  one  of  the  containers  to  make  a ramp. 

• Design  a structure  that  will  support  a marble  about  halfway  up  the  ramp 
without  the  marble  rolling  down. 

Developing  Your  Designs 

1 . Fill  in  the  following  charts  as  you  develop  designs  to  solve  each  of  the  three 
tasks  you  have  chosen. 


First  Task  Chosen 


n 

;l 

ij 

i: 

I 

•i 

I 

ji 
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Second  Task  Chosen 


Task 

Letter 

Materials  Used 

Diagram  of  Design 

Third  Task  Chosen 

Task 

Letter 

Materials  Used 

Diagram  of  Design 
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i Evaluating  Your  Design 

2.  Once  you  have  designed  and  built  the  structures  for  the  tasks,  evaluate  two  of 
your  designs.  Consider  the  following  points: 

• Did  the  structure  accomplish  the  task? 

• Try  to  explain  why  it  did  or  did  not  work. 

• Did  you  use  any  science  knowledge  to  help  you  design  the  structure? 

- If  yes,  briefly  describe  the  knowledge  you  used. 

- If  no,  what  knowledge  might  have  helped  you? 

• Is  the  design  creative?  Briefly  explain. 

• Include  anything  else  that  shows  value  for  the  structure. 


Task 

Letter 


Evaluation 


Task 

Letter 


Evaluation 
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Making  Recommendations 

3.  Evaluating  your  design  often  leads  to  recommendations  you  could  make 
about  the  design. 

• Could  improvements  be  made  to  your  existing  design? 

• Do  you  need  a completely  different  design? 

• Did  carrying  out  the  task  suggest  a new  problem  you  would  like  to 
solve? 

Make  recommendations  for  one  of  the  tasks  you  evaluated. 


Task 

Letter 


Recommendations 


Discuss  your  answers  with  your  learning  facilitator. 


Science  7 


Module  2 - Section  5 


76 


1_ 

Science 

Directions 


Activity  2:  Other  Considerations  Regarding  Design 

This  module  started  with  a simple  task.  You  were  asked  to  build  a structure 
using  three  index  cards  to  support  a weight.  In  Section  3 you  learned  that  science 
explains  how  forces  act  through  compression  or  tension.  You  were  given  the 
opportunity  to  apply  this  scientific  knowledge  in  Section  4 by  building  a 
prototype  bridge. 

When  designing  a structure,  strength  is  very  important.  But  there  are  other 
factors  that  must  be  considered.  Here  are  four  examples.  Think  about  the 
question  asked  in  each  of  the  examples. 

• Examine  the  diving  platform  shown  on  page  106  of  the  textbook.  Does  the 
design  suit  the  purpose  for  which  it  is  intended? 

• Examine  the  photograph  of  the  Interpretive  Centre  at  Head-Smashed-In 
Buffalo  Jump  on  page  101  of  your  textbook.  Does  the  design  suit  the 
environment? 

• Examine  the  photograph  of  the  pyramids  in  Egypt  shown  on  page  1 13  of 
your  textbook.  Is  the  cost  appropriate  to  the  use? 

• Examine  the  unsupported  beam  and  the  beam  supported  by  an  arch  shown 
on  page  105  of  your  textbook.  Can  an  existing  design  be  improved? 


Do  either  Part  A or  Part  B. 


Parts  A and  B both  involve  looking  at  the  functions  of  different  designs. 

Part  A requires  answering  questions  about  diagrams.  Part  B requires  viewing  a 
videocassette  called  Science  of  Architecture,  Program  1 : Part  1 Loads  - Dead 
or  Alive  (first  ten  minutes)  and  answering  questions  about  diagrams. 

Part  A 

Note:  You  do  not  need  to  complete  Part  A (question  1)  if  you  wish  to  do  Part  B. 


j 
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1 . Objects  are  designed  for  a purpose  or  function.  Infer  what  the  function  of 
each  of  the  following  might  be. 
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Part  B 

Note:  You  do  not  need  to  complete  Part  B if  you  have  already  done  Part  A. 

View  the  videocassette  called  Science  of  Architecture,  Program  1:  Part  1 
Loads  - Dead  or  Alive.  Watch  from  the  beginning  to  just  after  the  discussion 
about  the  locomotive  (about  ten  minutes).  The  last  sentence  is  “So  the  design  of 
any  form  of  structure  depends  not  only  on  what  it  is  doing  or  being  used  for,  but 
also  where  it  is.” 

Answer  questions  2 and  3 which  follow. 
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2.  Study  the  following  four  common  objects.  Infer  why  they  are  designed  as 
they  are. 


Manhole  Cover  on  a Road 

inference* 

Stop  Sign 

\ 

[s^ 

lal 

a 

• 

a 

• 

• 

a 

a 

a 

a 

a 

9 

a 

9 

• 
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3.  Steel  and  stainless  steel  are  equally  strong.  Steel  is  less  expensive  and  is 
attractive  if  painted.  Stainless  steel  is  expensive,  has  a surface  that  is  easy  to 
keep  clean,  and  is  very  durable. 

a.  Which  is  used  to  make  a truck?  

Why?  

b.  Which  is  used  to  make  cutlery?  


Why? 


Check  your  answers  with  your  learning  facilitator. 


7_ 

Science 

Directions 


Activity  3:  Buiiding  Structures  in  Space 

' For  some  background  information  on  this  topic  read  Building  in  Space,  on  pages 
133  to  135,  along  with  Working  at  Problem  Solving,  on  page  190  of  Science 
^ Directions  7.  Then  read  the  following  notes  and  complete  either  Part  A or  Part  B 
f of  this  activity. 

|j  Can  you  imagine  anything  more  exciting  than  being  strapped  into  the  seat  of  a 
I spacecraft,  waiting  for  the  launch  ...  3,  2, 1,  and  you’re  off!  You  and  the  other 
I passengers  are  hurtling  away  from  Earth  in  a tube  costing  millions  of  dollars, 

||  which  has  a mass  of  millions  of  tonnes.  It  is  a tube  that  will  keep  you  feeling 

i|  comfortable  and  safe  for  the  weeks  you  are  going  to  be  living,  working,  sleeping, 

I exercising,  preparing  and  eating  meals,  doing  household  chores,  and  relaxing  in 
I space. 

Ij 

I Does  this  sound  like  home?  Well,  there  are  some  important  differences.  These 
I differences  need  to  be  considered  when  designing  structures  for  space. 

I A good  example  is  the  Remote  Manipulator  System,  one  of  Canada’s 
j;  contributions  to  the  North  American  Space  Agency’s  (NASA)  shuttle  program. 

I You  probably  know  this  system  better  by  its  other  name,  the  Canadarm.  Like  the 
I human  arm,  the  Canadarm  has  three  mobile  joints;  a shoulder,  an  elbow,  and  a 
i;  wrist.  Heaters  are  in  each  of  the  joints  to  prevent  their  becoming  too  cold  to 

I function.  The  gears  were  heat-treated  on  Earth  so  they  would  not  be  affected  by 

ji  launch  temperatures.  The  most  obvious  difference  about  designing  for  space  is 
ij  that  the  Canadarm  cannot  even  lift  its  own  weight  on  Earth,  but  in  space,  with 
almost  no  gravity,  the  Canadarm  easily  moves  satellites  in  and  out  of  the  cargo 
I bay. 
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Here  are  some  other  important  differences  to  consider  about  designing  structures 
for  space. 

• There  is  no  weather  in  space.  This  means  that  your  structure  will  not  be 
affected  by  snow,  wind,  or  rain. 

a 

• The  temperature  in  space  is  very  cold. 

• When  your  spacecraft  is  launched  through  Earth’s  atmosphere,  and  when  it 
returns,  it  will  become  very  hot  because  of  the  friction  of  the  craft  against 
particles  of  gas  and  dust. 

• Your  spacecraft  costs  millions  of  dollars.  Each  kilogram  of  mass  costs 
several  thousands  of  dollars  to  launch.  The  designers  try  to  keep  the  mass 
as  small  as  possible. 

• Earth  has  gravity  which  holds  you  down.  In  an  orbiting  spacecraft,  gravity 
seems  to  be  almost  zero.  You  and  all  your  food,  clothes,  equipment,  and 
furniture  will  float  around,  unless  strapped  or  clamped  to  the  inside  surface 
of  the  spacecraft. 

• Your  structure  is  a closed  system.  Wastes  and  garbage  cannot  be  flushed 
or  taken  away.  If  you  spray  anything  inside,  it  will  contaminate  the  entire 
spacecraft.  Gases  that  you  inhale  and  exhale  must  be  recycled. 

• The  weight  of  people  and  cargo  does  not  have  to  be  considered  because  of 
the  low  gravity.  Therefore  there  are  no  load-bearing  structures. 

When  designing  a spacecraft,  human  needs  and  environmental  factors  must  be 
considered. 

Human  needs  are  most  important  because  people  will  be  living  in  a very  small 
space  for  long  periods  of  time.  Some  needs  are  privacy,  colour  and  sound 
stimulation,  variety  of  food,  enjoyable  exercise  and  relaxation,  ways  to  keep 
oneself  and  one’s  clothes  clean,  and  contact  with  family  and  friends  on  Earth. 

Understanding  environmental  factors,  such  as  ternperamre  control,  is  critical. 
Pollution  of  air  must  be  controlled.  Water  and  wastes  must  be  recycled.  A 
method  of  living  in  micro-gravity  must  be  found.  How  can  you  hold  yourself 
down  at  a desk  or  in  a sleeping  bag?  How  can  clothes  and  small  objects  be 
prevented  from  floating  away? 
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ij  in  space. 


Do  either  Part  A or  Part  B. 


Part  A:  Low  Gravity  Problem 


You  will  design  structures  to  deal  with  the  problems  caused  by  living  in  near-zero 
gravity.  You  will  find  some  ways  to  hold  things  in  place  and  move  things  in  an 
environment  where  everything  floats  and  where  there  are  no  ups  and  downs. 

Part  B:  Closed  System  Problem 

You  will  design  structures  to  deal  with  the  problems  of  living  in  a small,  closed 
system.  Air,  water,  and  wastes  must  be  recycled.  Wastes  and  garbage  cannot  be 
flushed  or  taken  away. 

Write  X in  the  appropriate  space  to  indicate  which  problem  you  choose  to  work 
on.  Then  answer  the  questions  which  follow.  The  same  set  of  questions  apply 
whether  you  choose  Part  A or  Part  B. 


Part  A:  Low  Gravity  Problem  1 

Part  B:  Closed  System  Problem  * 


1 . Under  the  heading  Developing  a Plan  list  three  things  you  must  consider, 
taking  into  account  the  design  differences  between  Earth  and  your  spacecraft 
(differences  such  as  water  will  float  and  garbage  cannot  be  taken  away). 


2.  Under  the  heading  Creating  a Design  describe  how  you  would  design  the 
interior  of  your  spacecraft  to  overcome  the  three  things  you  listed.  Remember 
to  consider: 

• human  needs 

• environmental  factors 

• cost  considerations  (don’t  have  excess  mass) 


1 


I 
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Use  either  point  form  or  paragraphs  and  include  diagrams  if  you  wish. 


;| 


|i 

i 


Developing  a Plan 
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Creating  a Design 


Discuss  your  answers  with  your  learning  facilitator. 
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Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is 
recommended  that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of 
the  concepts,  it  is  recommended  that  you  do  the  Enrichment. 

Extra  Help 

Choosing  the  best  materials  for  a structure  isn’t  always  easy.  Designers 
sometimes  find  that  one  property  conflicts  with  another.  For  example,  a structure 
built  of  lightweight  metal,  such  as  aluminum,  has  the  advantage  of  being  easy  to 
move.  But  aluminum  may  not  be  strong  enough  to  fulfill  the  structure’s  function. 
Most  materials  have  some  disadvantages.  For  instance,  steel,  which  is  widely 
used  in  bridges,  cars,  and  buildings,  has  the  disadvantage  of  rusting. 

Sometimes  material  that  has  all  the  right  properties  may  not  look  attractive.  For 
example,  aluminum  siding  is  an  ideal  material  for  protecting  the  outside  walls  of 
a house  from  wind  and  rain.  However,  some  people  prefer  the  look  of  wooden 
siding,  even  though  they  have  to  paint  it.  Also,  sometimes  the  material  you 
prefer  may  be  too  costly  to  use. 

1 . Imagine  that  you  were  designing  a canoe  and  had  to  decide  if  you  were  going 
to  use  aluminum  or  wood. 

a.  What  is  one  property  of  wood  and  aluminum  you  would  want  to 
consider? 


b.  Why? 


c.  What  is  one  other  consideration  that  would  be  important? 
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2.  In  the  following  chart  write  one  property  of  each  of  the  materials  listed.  In 
the  third  column  write  a function  that  this  material  can  be  used  for.  The  first 
one  has  been  done  as  an  example. 


Material 

Property 

Function 

glass 

transparent 

windows 

rubber 

wood 

paper 

metal 

cloth 

Discuss  your  answers  with  your  learning  facilitator. 


Science  7 


Module  2 - Section  5 


87 


Enrichment 

You  have  to  choose  a new  tent  for  two  people.  Assume  that  the  cost  of  the  three 
tents  shown  here  is  the  same  for  each.  You  have  three  major  concerns. 

• The  tent  should  be  easy  to  transport  in  a canoe. 

• You  must  be  able  to  put  the  tent  up  quickly  because  there  are  many 
mosquitoes  in  the  area. 

• The  tent  must  have  plenty  of  space  for  two  in  case  of  rain. 


a.  b. 


1 . Which  design  would  you  choose:  a,  b,  or  c?  

2.  Why  would  you  choose  this  design  over  the  others? 


Check  your  answers  with  your  learning  facilitator. 
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Conclusion 

[! 

I Everything  has  a structure.  A design  is  the  way  parts  in  a structure  go  together. 

I Some  reasons  for  the  design  are  simply  to  resist  forces.  Will  the  structure  hold  a 

i load?  Will  it  withstand  stress? 

I 

||  But  there  are  other  reasons  for  the  design.  Is  it  practical?  Does  it  suit  the 

||  environment?  Is  it  pleasing  to  look  at?  Is  it  cost  effective?  Is  it  safe? 

j Using  science  knowledge  helps  solve  technological  problems,  but  other 
considerations  are  just  as  important. 


ASSIGNMENT  

Assignment 

1 

j 

Booklet 

j 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  5. 

Note:  After  you  have  completed  the  assignment  for  Section  5,  read  the  Module 
Summary  which  follows. 


II 

ii 

Ij 
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MODULE  SUMMARY 

In  this  module  you  have  been  introduced  to  technological  problem  solving  and 
the  scientific  complications  of  compression  and  tension.  This  module 
specifically  dealt  with  designing  and  building  structures. 

Upon  completion  of  this  module,  you  should  start  to  see  the  world  differently. 
You  should  notice  triangular  shapes,  trusses  and  beams,  and  you  will  remember 
that  these  designs  contribute  to  the  strength  of  structures. 

You  should  start  to  recognize  similar  designs  in  nature  and  in  manufactured 
structures. 

Most  important,  you  should  now  realize  that  science  knowledge  can  help  you 
solve  technological  problems  if  you  have  a good  plan  and  are  prepared  to  do 
some  hard  work. 
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Glossary 

Alloys 

Beam 

Compression 

Deflection 

Design 

Joint 

Load 

Manufactured 

Materials 

Metal  fatigue 

Natural 
Neutral  axis 

Properties 

Prototype 

Specifications 

Stress 


• metallic  materials  which  are  made  of  two  or  more  metals 
in  combination 

• a horizontal  part  of  a structure  that  is  supported  at  both 
ends 

• a pushing  force,  such  as  squeezing 

• the  amount  of  bending  that  occurs  when  a load  is  placed 
on  a structure 

• the  shape  of  the  parts  of  a structure,  and  the  way  they  are 
put  together 

• the  point  at  which  parts  of  a structure  are  connected 

• the  force  acting  on  a structure;  the  weight  supported  by  a 
structure 

• made  by  people 

• substances  such  as  paper,  wood,  or  aluminum,  from  which 
something  is  made 

• loss  of  strength  of  a material  due  to  repeated  stress,  such  as 
bending 

• formed  in  nature 

• an  imaginary  line  halfway  between  the  top  and  the  bottom 
of  a beam  which  does  very  little  to  support  a load 

• characteristics  of  a material 

Structural  properties  include  such  things  as  strength, 
elasticity,  and  hardness. 

• a model  structure  used  to  test  a design 

• the  rules  or  written  instructions  that  define  the 
requirements  for  a plan  or  prototype 

• a force  acting  on  a structure 
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Structure 

• a combination  of  related  parts 

Technology 

• inventions  or  other  solution  to  practical  problems 

Tensile  strength 

• the  strength  a material  has  to  resist  tension 

Tension 

• a pulling  force,  such  as  stretching 

Truss 

• a rigid  framework  made  from  a group  of  beams  joined 
together 
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